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Abstract 
In the present paper, a novel conditioning method for superabrasive grinding wheels based on surface structuring with ultrashort pulsed lasers is 
investigated. A picosecond laser (pulse duration tp = 10 ps) is utilised to ablate regular micro patterns into the surface of CBN grinding tools, 
aiming to reduce grinding forces and improve grinding efficiency. The proposed structuring method enables a high degree of control and 
flexibility regarding pattern geometry and feature size. An analysis of the ablated structures does not reveal any significant thermal 
deterioration of the abrasive grits resulting from the laser process. Grinding performance and wear behaviour of the structured tools are tested 
in a face grinding process of hardened steel type 100Cr6 (60HRC). The test results show that the structured tools enable between 25 to 50 % 
lower forces and significantly improve force stability in long-term grinding operation, due to an enhanced self-sharpening effect of the tool. 
However, the best surface finish is still achieved with the non-structured tools. The experimental results further indicate that the pattern 
geometry has a much stronger influence on the grinding behaviour than the degree of structuring (meaning the percentage of active wheel 
surface compared to a non-structured tool). 
© 2014 The Authors. Published by Elsevier B.V.
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1. Introduction 
The superior grinding performance of CBN wheels in 
comparison to conventional abrasives has been demonstrated 
in various research studies and industrial grinding processes
[1, 2]. However, conventional wheels (e.g. Al2O3) are still the 
work horses of industrial manufacturing and CBN 
applications are mainly concentrated on difficult-to-cut 
materials such as hardened steels or high-alloy tool steels. The 
major advantages of CBN wheels, namely high cutting 
velocity / material removal rate (MRR), low wear rate and 
reduced thermal damage of the ground surface, go along with 
higher tool cost, increased grinding forces and challenges in 
efficient conditioning. This results in additional requirements 
to the utilised machinery in terms of stiffness, spindle power 
and auxiliary equipment which are further limiting factors 
regarding widespread industrial penetration [3].  
Grinding wheel structuring as an alternative method to 
influence wheel properties has been subject to several studies 
aiming to improve chipping efficiency and coolant flow at the 
grinding zone [4]. Grinding forces of conventional vitrified 
Al2O3 wheels can be reduced by 30 to 60 % with helical 
grooves on the wheel surface [5, 6]. Although no increase in 
radial tool wear was observed, a higher workpiece roughness 
has to be considered. Similar reductions of forces have been 
achieved in dry grinding with structured resin and vitrified 
bonded CBN wheels [7, 8], however, being accompanied by 
significantly higher wear rates and workpiece surface 
roughness. Thermal simulations and experimental results 
indicate that grinding temperatures can be reduced when 
using wheels with axial grooves [9, 10], ultimately leading to 
improved workpiece surface integrity. In addition to the 
effects of structuring on the grinding performance, Oliveira et 
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al. introduced a method for generating regular surface textures 
by grinding with structured wheels [11, 12].  
Structuring is mostly realised by mechanical dressers and 
only few results on alternative structuring methods such as 
laser processing can be found [13]. The possibilities to 
generate user-defined micro scale surface patterns by laser 
ablation, in particular utilising ultrashort pulses, have thus 
barely been exploited. The present work introduces surface 
micro structuring by picosecond pulsed laser ablation as a 
method to influence the grinding behaviour of high-strength 
bonded CBN grinding wheels. In particular, the effect of laser 
processing on the abrasive grains and the influence of the 
degree of surface structuring on the grinding performance is 
investigated. 
 
2. Experimental setups and test conditions 
2.1. Laser structuring 
A commercial solid state picosecond laser (wavelength: 
1064 nm, pulse duration: 10 ps) is utilised for structuring of 
hybrid bonded CBN mounted points (CB112-91-200-H, grit 
size: B91, diameter: 15 mm). The laser processing is carried 
out on a 4-axis laser micro machining workstation (X-Y-Z 
linear, B rotary) with a galvanometer-driven scanhead (X-Y). 
The tools are clamped to the rotary axis and positioned in the 
centre of the focal plane of the scanhead lens. A segmental 
structuring process is realised by stepwise rotation of the B-
axis, whereat for each step, a pattern segment is processed on 
a defined section of the tool surface through beam deflection 
by the scanhead. The laser beam is circular polarised by two 
retarder plates placed into the beam path; other laser 
parameters are specified in Table 1 and further details can be 
found in [14]. Before the structures are applied, the mounted 
points are dressed using a silicon carbide wheel (31C-80-H-
10-190-V137-1) to create a uniform shape and comparable 
surface conditions. The degree of surface structuring of each 
tool is characterized by the groove factor ηp, which is defined 
as the ratio between nominal surface area of the structured 
wheel and nominal surface area of the non-structured wheel 
[6], meaning that for a non-structured wheel ηp equals 100 %.  
Table 1. Laser processing parameters. 
Laser fluence  F [J/cm2] 4.8 
Pulse repetition rate fp [kHz] 150 
Scan speed vs [mm/s] 330 
Focal spot size df [μm] 40 
 
 In order to investigate the influence of the groove factor ηp 
on the grinding characteristics, a set of structured tools with 
two different pattern types at groove factors of ηp ~ 60 % and 
ηp ~ 40 % for each pattern are fabricated. Schematics of the 
fabricated pattern geometries and their major dimensions, 
namely width, depth, orientation and pitch of laser generated 
grooves are depicted in Figure 1 (left). Depth and width of the 
grooves are selected to be in the order of the average grain 
diameter and kept constant for all structured tools. The 
desired dimensions are achieved by ablating four parallel 
tracks at 50 % overlap and 13 repetitions. Different groove 
factors are realised through variation of the pattern pitch. 
 
2.2. Grinding 
The tool performance is tested in a generic face grinding 
process of hardened bearing steel 100Cr6/AISI52100 
(60HRC). All tests are conducted on a modified 5-axis milling 
centre with a high-speed grinding spindle. The cutting fluid 
(synthetic oil, Blasogrind HC5) is supplied through five free 
jet nozzles at approx. Q = 40 l/min. Two different test steps at 
constant cutting velocity of vc = 60 m/s are carried out to 
assess the machining characteristics of the tools; a variation of 
material removal rate and a wear test. Grinding parameters 
used in both tests are listed in Table 2. In addition to the 
structured tools, for benchmarking the test procedure is 
carried out with a non-structured tool. The tool behaviour is 
characterised by measurement of the grinding forces 
(dynamometer Kistler type 9256C), workpiece surface 
roughness and radial tool wear (Taylor Hobson Talysurf PGI 
1240).  
Table 2. Grinding test parameters. 
 MRR variation Wear test 
Depth of cut ae [mm] 0.06, 0.12, 0.18 0.06 
Feed rate vf [mm/min] 1000, 2000, 3000 2000 
Width of cut ap [mm] 5 5 
 
3. Results and discussion 
3.1. Characterisation of structured surfaces 
SEM analysis and 3D optical focus variation microscopy 
measurements are performed to characterise the structured 
tool surfaces. Corresponding topography measurements are 
depicted in Figure 1 (right) and illustrate the difference 
between the pattern dimensions at different groove factors. 
The width of crest for pattern type A2 is almost reduced to the 
order of one row of CBN grains (including bond material) and 
the rhombus shaped clusters of pattern B2 only consist of a 
few CBN grits bonded to each other.  
The inspection of the grooves by SEM shows a clean 
ablation of bond material and CBN grains without evidence of 
thermal deterioration of the surrounding material. In addition 
to the SEM analysis, micro-Raman spectroscopy 
measurements are carried out to identify a possible thermal 
activated transition of laser processed CBN grains into 
hexagonal boron nitride (HBN). For this purpose, single 
abrasive grains (type ABN605, B601) are processed using the 
same laser parameters as for the structuring of the mounted 
points (cf. Table 1). The analysis of single grains avoids a 
contamination of the ablated grooves by re-deposited bond 
material, which is usually inevitable when processing the 
actual tool surface and will interfere with the Raman 
measurements due to fluorescence effects caused by metallic 
binder components. Figure 2 displays such a laser processed 
CBN grain (a) and corresponding Raman spectra (b) of the 
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unprocessed and the processed grain area. Raman 
measurements are taken on the top face of the grain and in the 
centre of the laser ablated groove. The analysis is carried out 
for two processed grains at five different positions on each 
grain. The characteristic peaks of CBN at 1054 cm-1 and 1304 
cm-1 are clearly visible in the spectra [15]. However, none of 
the measurements on the processed grains reveals a peak near 
1367 cm-1 indicating the formation of a HBN phase. Hence, 
the results provide no evidence of a heat affected zone on the 
processed CBN grains. 
 
3.2. Grinding evaluation 
According to findings in literature, the groove factor is one 
of the major influencing quantities on the grinding 
characteristics of structured wheels [6, 7, 10]. Generally by a 
reduction of the groove factor, grinding forces are found to 
decrease while workpiece roughness is increased, which can 
be explained by the reduced number of active cutting edges 
due to the smaller nominal surface area of the wheel. 
For the structured tools in the present study and the non-
structured benchmark tool, measured normal grinding forces 
as a function of specific MRR are depicted in Figure 3 and 4. 
Generally, force values are up to 30 % lower for grinding with 
increased feed rate vf (Figure 3) compared to increased depth 
of cut ae (Figure 4) at the same specific MRR. In comparison 
to the non-structured tool, forces of the structured tools are 
between 25 to 35 % lower. Although there is a significant 
difference in nominal active surface area, the measurements 
show only a minor offset between the patterns A1 to A2 and 
B1 to B2, which is between 5 to 10 % on average and tends to 
increase for higher specific MRR and larger depth of cut. 
Pattern type B generally results in lower forces compared to 
Fig. 1. Schematic drawings of the pattern geometry (A, B) and 3D optical topography measurements of the structured wheel surfaces at η ~ 63 % 
(A1, B1) and η ~ 41 % (A2, B2) groove factor (hp: structure depth, wp: structure width, pp: structure pitch, αp: orientation angle, ηp: groove factor). 
Fig. 2. a) Laser processed CBN grain (ABN605, B601); b) Comparison of micro-Raman spectra measurements of the unprocessed grain and the 
depicted laser processed groove on the grain.   
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pattern type A. It is interesting to note, that the forces for tool 
pattern A2 are still slightly higher or merely at the same level 
as those of tool pattern B1, even though the groove factor is 
more than 20 % lower. This indicates that the pattern 
geometry does have a much stronger influence on the grinding 
behaviour than the groove factor. The corresponding 
measurements of the tangential force reveal a qualitatively 
similar behaviour. Assessment of the workpiece surface 
roughness shows reasonably good agreement with the force 
results. Best surface finish is achieved with the non-structured 
tool, while roughness values are approx. 25 and 80 % higher 
for pattern A and B, respectively. Ra and Rz are nearly 
independent of the groove factor; the difference between 60 
and 40 % groove factor is less than 5 % on average. 
Corresponding values of Ra and Rz can be found in the first 
data points of the wear test in Figure 7 and 8. There is no 
dependency of the workpiece roughness on the specific MRR 
observed within the tested range of grinding parameters [14].  
The force measurements of the wear test are plotted in 
Figure 5 and 6 for normal and tangential direction 
respectively. While the forces of the benchmark tool are 
constantly increasing towards higher specific MR by more 
than 40 % at the end of the test, the structured tools retain 
constant average forces (± 15 %) throughout the entire test 
period. For pattern type B1, the curve progression is 
somewhat different from the other structured tools. The wear 
Fig. 5. Comparison of normal grinding force vs. specific material removal V'w 
during the wear test - dotted lines: second-order polynomial fit. 
Fig. 6. Comparison of tangential grinding force vs. specific material removal 
V'w during the wear test - dotted lines: second-order polynomial fit. 
Fig. 3. Normal grinding force Fn vs. feed rate vf at constant depth of cut (ae = 
0.06 mm) - dotted lines: linear fit. 
Fig. 4. Normal grinding forces  Fn vs. depth of cut ae at constant feed rate (vf 
= 1000 mm/min) - dotted lines: linear fit. 
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test results basically confirm the observations of the 
parameter test. Although, the curve trends are slightly 
different, quantitatively there is no major change in the 
grinding behaviour between 60 % and 40 % groove factor for 
both studied pattern types. The force values of the structured 
tools appear to converge towards the end of the endurance 
test. Except for pattern type B2, all tools show a slight 
increase in Fn and Ft at the beginning of the test, before a 
decreasing trend is visible. 
Roughness measurements on the ground workpieces reveal 
relatively constant values of Ra and Rz for the benchmark tool, 
while the values are increasing for the structured tools with 
increasing specific MR (Figure 7 and 8). Structured tools 
produce a significantly rougher surface finish, in which the 
values for pattern B are still significantly higher than for 
pattern A. The roughness curves for pattern A1 and A2 are 
almost identical (ΔRa < 10 % at V’w = 10200 mm3/mm). The 
resulting values for B1 and B2 remain in good agreement as 
well, however the trend of B2 shows a constant rise of Ra and 
Rz, while in contrast, the values for B1 stabilise towards the 
end of the wear test. Generally, the constant rise in workpiece 
roughness suggests increased micro wear of the wheel 
topography for the structured tools [16]. Based on the trend 
and variation of the roughness values in case of pattern B2, 
this effect appears to be more severe than for the other tools. 
From calculations of the force ratio Ft/Fn, relatively large 
variations are evident, in particular for the tool with pattern 
B2. This indicates strong changes of the cutting conditions on 
the tool surface, and supports the assumption of rapid changes 
of the wheel topography and accelerated micro wear. These 
results suggest that the degree of structuring in this case 
(approx. 40% groove factor) is already too high and severely 
reduces the integrity of the abrasive layer and thus overall 
stability of the grinding process.  
Figure 9 compares SEM micrographs of the pattern type 
B2 tool surface directly after laser structuring (top) and after 
the endurance test at V’w = 10200 mm3/mm of specific MR. 
Traces of the pattern are still visible on the worn tool surface, 
however the comparison with the pre-test state reveals a 
massive degradation of the original structures. The surface 
shows signs of numerous grain pull-outs and grain fracture 
which caused the original distribution of abrasive clusters to 
disappear and provides an explanation for the rapid increase 
of workpiece surface roughness. The results indicate that 
decreasing the groove factor may result in accelerated tool 
wear (at least on the microscopic level). It appears that there 
is a critical dimension for the features of a pattern (minimal 
size of abrasives clusters) below which a massive degradation 
of the tool topography is inevitable. Moreover, it is suggested 
that the influence of the groove factor and the critical 
structure dimensions are dependent on the type of surface 
pattern. Interestingly, the enhanced micro wear does not lead 
to a significantly higher radial tool wear. The measured 
average radial wear is generally low; approx. 1.5 μm for the 
benchmark tool and between 2.5 to 3 μm for all structured 
tools (pattern A and B). 
 
4. Conclusions 
The presented structuring method, utilising a picosecond 
pulsed laser, is found to be applicable for micro scale 
structuring of superabrasive CBN grinding tools. The process 
allows for fabrication of arbitrary surface structures, enabling 
a high degree of geometrical and dimensional control of the 
produced features and thus of the grinding behaviour of a tool. 
SEM and micro-Raman analysis confirmed that the thermal 
impact of picosecond laser processing on the CBN abrasives 
can be neglected. Several structured CBN grinding tools have 
been fabricated and tested. The structured tools reveal stable 
and up to 50 % lower grinding forces compared to a non-
structured tool, which may be interpreted as enhanced self-
Fig. 7. Evolution of the workpiece surface roughness Ra during the wear test - 
dotted lines: second-order polynomial fit. 
Fig. 8. Evolution of the workpiece surface roughness Rz during the wear test - 
dotted lines: second-order polynomial fit. 
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sharpening characteristic of the structured tools. In 
accordance with findings in literature, the lowest surface 
roughness is achieved with the non-structured tool. The 
results further indicate that the geometry of the surface pattern 
has a much stronger influence on the grinding characteristics 
of the tool than the nominal active tool surface. By 
comparison of tools with approx. 60 and 40 % groove factor, 
only a minor difference in grinding force, workpiece 
roughness and wear is observed. However, a critical value for 
the groove factor that determines the maximal degree of 
surface structuring (in terms of maximal tolerable 
roughness/wear) is likely to exist for each pattern type. Future 
work in this field may address these issues in detail, aiming to  
produce optimised tool surface patterns.  
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Fig. 9. SEM micrographs of the tool surface with pattern B2 after laser structuring (top) and after the wear test at V'w = 10200 mm3/mm (bottom). 
